Introduction
Primary signet-ring cell (SRC) of the bladder is an aggressive, extremely uncommon subtype of bladder adenocarcinoma, comprising of <1 % of all primary bladder neoplasms [1] . A report based on analysis of the Surveillance, Epidemiology, and End Results (SEER) Program database found only 103 patients with SRC of the bladder diagnosed between 2001 and 2004, compared to 14,648 patients diagnosed with urothelial carcinoma [2] . The prognosis for patients with SRC is poor, attributed to presentation at advanced stages following asymptomatic progression [3] , reported inefficacy of multimodality therapy [4] , and possibly a more aggressive underlying biological phenotype [2] . Diagnosis of bladder SRC can be challenging, both as it requires an extensive work-up to rule out more common metastatic adenocarcinomas [5] , and comprehensive studies detailing the immunohistochemical profile of these tumors are understandably lacking [6] . Current treatment for this malignancy is often based on experiences gained from single institutional case series. Based on the aggressive natural history of bladder SRCs, treatment often features aggressive surgery in conjunction with chemo-and radiotherapy, although standardized recommendations for the use of adjuvant therapy are lacking. In this article, we present a case of locoregionally advanced SRC of the bladder, successfully managed with multimodality therapy. Literature regarding the diagnosis/work-up and management of bladder SRC is reviewed, with a focus on the specific role of adjuvant treatment.
Case description
This review was prompted by the case of a 60-year-old woman who initially presented with urinary incontinence. A urologic work-up was undertaken, including cystoscopy, which demonstrated multiple submucosal lesions throughout the bladder. Biopsy of two of these lesions, involving the trigone and bladder dome, revealed histologic features consistent with adenocarcinoma of unknown primary origin. As the differential diagnosis included metastatic and endocervical adenocarcinomas, as well as a potential bladder primary lesion, a comprehensive diagnostic/staging work-up was undertaken. Studies performed included (1) PET/CT, which demonstrated a hypermetabolic mass in the superior-posterior bladder wall without evidence of regional nodal or metastatic disease; (2) gynecologic evaluation including Pap smear, which was negative; (3) pelvic MRI, which confirmed the PET/CT findings; (4) upper endoscopy and colonoscopy, which were negative; and (5) mammography, which was negative. Additional outside review of the biopsy pathology was also performed, with the consensus opinion that the bladder lesions were consistent with a primary adenocarcinoma of the bladder wall if clinical work-up did not reveal another primary malignancy. Following discussion in a multidisciplinary tumor conference, after careful consideration, aggressive locoregional therapy was recommended, given the absence of any known metastatic disease.
The patient underwent a radical cystectomy, hysterectomy, bilateral salpingo-oophorectomy, anterior vaginectomy, bilateral pelvic lymph node dissection, and creation of an Indiana pouch. Pathology revealed infiltrating poorly differentiated carcinoma with signet-ring cell features involving the bladder wall with extension into the anterior vaginal wall; positive surgical margins involving the vagina and parametrial soft tissue were observed. A representative pathologic section and summary of immunohistochemical findings is shown in Fig. 1 . No positive lymph nodes were found among 13 excised. Six weeks following surgery, the patient underwent systemic chemotherapy with six cycles of cisplatin and gemcitabine (cisplatin 75 mg/m 2 , day 1; gemcitabine 1,000 mg/m 2 , days 1 and 8; every 21 days), which was well tolerated. Expected mild side effects included fatigue, nausea, and cytopenias. Longer-term persistent toxicities included peripheral sensory neuropathy and partial hearing loss. One unexpected finding was the development of bilateral inguinal lymphadenopathy; this was biopsy proven to be benign histiocytosis and did eventually selfresolve.
Following re-staging imaging studies which demonstrated no radiographic evidence of persistent/recurrent disease, she was treated with adjuvant radiotherapy, to further minimize the risk of locoregional recurrence. A seven-field intensitymodulated radiation therapy (IMRT) treatment plan was utilized to deliver a dose of 45 Gy in 25 fractions to the postoperative bed and regional lymph nodes (including pelvic and inguinal nodes) with daily fluoroscopic image guidance. Figure 2 depicts the patient's IMRT plan. Radiotherapy was tolerated well, with minimal treatment-related toxicities, specifically fatigue and local skin/mucosal irritation, which were easily managed with supportive care. The patient is now 2.5 years postcompletion of all therapy and doing very well, with no evidence of recurrent disease or late treatment-related toxicity, as well as an excellent self-reported, health-related quality of life. Informed consent from the patient was obtained prior to preparation of this case report. As the treatment described above was a multidisciplinary standard-of-care therapy, this case report was approved by the treating institution's IRB; no human (or animal) experimental/protocol study was conducted in our work.
Discussion

Work-up/diagnosis
SRCs are a variant of primary bladder adenocarcinomas, which collectively account for 0.5-2 % of all malignant bladder neoplasms [5] . As in our patient discussed above, bladder adenocarcinomas are most often found in the trigone and posterior bladder wall [5, 7] . Furthermore, the aggressive nature of SRCs leads to their frequent presentation with extravesical soft tissue extension [5, 7, 8] . Histologically, SRCs are poorly differentiated, round cell tumors with intracytoplasmic mucin without extracellular mucin, resembling a mammary lobular carcinoma except for large cell size [5] . The identification of individual cells displaying a signet-ring morphology is important for establishing a pathologic diagnosis [3, 9] ; in fact, Thomas et al. [10] found significant correlations between the percentage of tumor containing signet-ring cells and both the presence of adverse disease features (unresectability of a primary tumor or regional lymph node metastasis) and overall survival. Given the extremely low incidence and absence of any definitive histopathologic features, establishing the diagnosis of a primary bladder SRC requires clinical correlation and specific exclusion of another primary malignancy. A thorough clinical and radiographic evaluation is always warranted in cases of suspected primary bladder adenocarcinoma, to rule out bladder involvement from another primary malignancy, either via direct local extension or lymphatic/hematogenous metastasis. PET/CT, pelvic MRI, upper endoscopy/colonoscopy, as well as mammography/gynecologic examination should be performed, with specific consideration given to ruling out a primary neoplasm involving the GI tract (the colon, stomach, and appendix), prostate, genital tract, and breast. Imaging characteristics of a bladder adenocarcinoma have been reported, including increased bladder wall thickness and surrounding fat stranding [11] ; overall, imaging features are more similar From a histopathologic standpoint, immunohistochemical studies have sought to differentiate adenocarcinomas of a primary bladder origin from those involving the bladder as a result of local extension or metastasis from other primary malignancies. Lack of CDX2 and villin expression, for instance, has been found to be diagnostically valuable in distinguishing primary bladder adenocarcinomas from secondary colorectal carcinoma [12] . The utility of such primary bladder adenocarcinoma markers in identifying variants, such as SRC, however, has been questioned, as some studies of signet-ring cell carcinomas at other anatomic locations have demonstrated that their immunohistochemical profiles may differ from other primary adenocarcinomas occurring at these locations [10] . Still, Terada et al. [6] recently published a report analyzing the immunohistochemical profile of three cases of a primary SRC of the urinary bladder, with positive cytokeratin (CK) AE1/3, CK CAM5.2, CK8, CK18, CK19, CK20, p53, Ki-67, mucin (MUC) 1 and MUC2, and negative CK34BE12, CK5/6, CK14, EMA, p63, vimentin, and MUC6 found.
Multidisciplinary treatment and outcomes
A SEER analysis by Wang et al. [2] found signet-ring carcinoma histology to be an independent negative predictor of survival, even after adjusting for grade, stage at diagnosis, patient characteristics, and treatment. Even among bladder adenocarcinomas, a group generally regarded as aggressive and associated with a poor prognosis, Zaghloul et al. [13] found that the SRC variant was associated with the worst 5-year disease-free survival (compared to mucinous, papillary, and unspecified subtypes). Given the rarity of SRC, diagnostic work-up and discussion of treatment options in a multidisciplinary setting, with input from urology, medical oncology, and radiation oncology, as well as pathology and diagnostic radiology, are always recommended. Generally, treatment involves surgery ± adjuvant radiotherapy ± chemotherapy. While the role of adjuvant RT and chemotherapy in SRC management has been questioned Fig. 2 IMRT plan. Dose distribution is shown overlaying representative axial, sagittal, and coronal sections. Orientation of the seven treatment fields is depicted (top right panel) [1, 14] , many agree that radical cystectomy is the most appropriate surgical option [1, 2] .
Chemotherapy
No standard chemotherapy regimen exists for SRC of the bladder, and the use of various systemic agents with mixed success has been reported. Akamatsu et al. [1] reported the most commonly used chemotherapeutics utilized in the management of bladder SRC among Japanese institutions to be platinum-based drugs, followed by 5-FU derivatives and anthracycline agents. Cobo-Dols et al. [15] utilized a combination of cisplatin and gemcitabine in a patient with pT4aN0M0 SRC of the bladder, with no evidence of disease noted at 8 months posttreatment. The successful use of intraarterial methotrexate and cisplatin with radiation was demonstrated by Ota et al. with posttreatment cystectomy revealing no evidence of carcinoma [16] . Furthermore, Hirano et al. [3] described the use of intra-arterial carboplatin in a patient with locally advanced, node-negative SRC of the bladder who declined surgery, with complete remission obtained. In principle, adjuvant chemotherapy may be considered for patients with adequate performance status and significant risk for distant failure.
Role of adjuvant RT in improving locoregional control in SRC
Adjuvant RT has been selectively utilized in the management of bladder SRC. Unfortunately, in most cases, the details regarding specific patient and/or disease factors which prompted the use of RT in these historical series are unknown; adjuvant RT was likely implemented in the presence of factors conferring a high risk of recurrence, such as positive margins or tumor infiltration into perivesical soft tissue. In their analysis of patients in the SEER database (2001-2004), Wang et al. [2] found that 0/14 patients with SRC of the bladder staged of <T2 received RT, as compared to 13/65 (20 %) of patients staged of ≥T2. As postoperative radiotherapy is routinely utilized in the management of gastrointestinal, gynecologic, and urologic malignancies, including adenocarcinomas, to minimize the risk of pelvic recurrence, it would reasonable to expect a similar benefit for adjuvant RT post-cystectomy for adenocarcinoma of the bladder. To this point, among 142 patients with primary adenocarcinoma of the bladder, receiving radical cystectomy and pelvic lymphadenectomy, Zaghloul et al. [17] found that adjuvant RT improved 5-year disease-free survival from 38.2±6.1 % in those receiving cystectomy alone to 56.7±7.5 % (p=0.06). Five-year local control was 55.9±7.4 % for surgery alone, as compared to 97±2.8 % for post-op RT [17] . When limiting the comparison to patients with more locally advanced disease at presentation, specifically stages P2b, P3, and P4a, adjuvant RT improved 5-year DFS from 24.2±9.0 % for cystectomy alone to 56.7±7.5 %, which was statistically significant (p=0.01) [17] . The benefit of adjuvant RT in this series was realized despite the inclusion of a higher proportion of patients with advanced stages, grade 3 tumors, and pelvic lymph node involvement in the post-op RT group [17] . While only 7 % of patients in this series were reported to have SRC, we would not expect this particular histologic variant to respond to RT in a markedly different fashion compared to other subtypes of bladder adenocarcinoma. In fact, given the higher incidence of locoregional recurrence associated with SRC, if anything, the benefit of adjuvant RT may be greater in this population. While acknowledging the limited implications of a single case, the ability of adjuvant RT to facilitate durable locoregional control in our patient with pT4a disease and multiple positive margins also supports the efficacy for radiation therapy in SRC. In analyzing a mixed pathology series containing patients with adenocarcinoma, Zaghloul et al. [18] previously demonstrated that the benefit of post-op RT for patients with P3a, P3b, or P4a bladder tumors in improving disease-free survival and local control extended to all tumor types, pathologic stages, and histological Table 1 Guidelines for adjuvant RT for primary signet-ring cell adenocarcinoma of the bladder
Indications for treatment
Stage of ≥T2b tumors, positive surgical margins, or pathologically positive lymph nodes Volume delineation Postoperative bed based on preoperative imaging (CT and MRI), postoperative imaging, pathologic findings (such as involvement of adjacent organs), surgical clips, and consultation with urologic surgeon Pelvic lymph nodes (including hypogastric, obturator, and internal/external iliac and presacral nodes) If extension into adjacent organs is found at the time of cystectomy, cover relevant draining lymphatics (e.g., inguinal lymph nodes for vaginal involvement) Dose/fractionation/techniques 45-50.4 Gy (standard fractionation) to the postoperative bed and regional lymphatics
Additional adaptive boost to 60-66 Gy may be considered following the primary RT course in the setting of gross residual disease, if possible while respecting normal tissue constraints IMRT can be employed to minimize dose to adjacent normal tissues, such as the bowel and rectum, when clinically indicated grades. Patients received either 1.25 Gy fractions three times per day up to a total dose of 37.5 Gy in 12 days, standard fractionated RT to a dose of 50 Gy in 5 weeks, or no further treatment following radical surgery [18] . The 5-year local control rate was 50 % for surgery alone, compared to 87 and 93 %, respectively, for those receiving multiple daily fractionation and conventional fractionation [18] . Even among patients with transitional cell carcinoma of the bladder, a less aggressive histology compared to SRC, pelvic recurrence following cystectomy has been shown to be a major site of failure, up to 30 % in some series [19] . In light of these and similar findings, Murthy and Zaghloul [20] recently argued for a reconsideration of the use of adjuvant RT post-cystectomy in patients with bladder cancer, both to help decrease the risk of local recurrence as well as potentially improve overall outcomes. In addition to minimizing the risk of local recurrence in the setting of a positive surgical margin or known perivesical tissue/adjacent organ involvement, adjuvant RT following cystectomy has the additional potential benefit of decreasing the risk of a nodal recurrence. The extent of lymphadenectomy performed at the time of cystectomy has a known impact on recurrence risk [21] . In a SEER analysis of patients undergoing radical cystectomy for bladder cancer between 1988 and 1996, those with evaluation of 0 to 3 lymph nodes were determined to be at a significantly higher risk of death from bladder cancer than those with >3 examined [22] . Unfortunately, among patients undergoing cystectomy in this analysis, 40.3 % had no lymph nodes examined, while an additional 27.6 % had six or fewer nodes evaluated [22] . As regional nodal involvement can precede distant metastatic spread, coverage of draining lymphatic regions should be included in the design of any postcystectomy RT plan.
Patient selection and target delineation for post-cystectomy RT Following surgery for bladder SRC, candidates for adjuvant RT include those at a high risk of local recurrence, including patients with (1) stage of ≥T2b tumors, (2) positive surgical margins, or (3) pathologically positive lymph nodes. In all cases, the postoperative bed should be covered in the RT plan. Delineation of the postoperative bed should be guided by preoperative imaging (CT and MRI); postoperative imaging; pathologic findings (such as involvement of adjacent organs); intraoperative aids, such as clips, placed at the time of the procedure; as well as consultation with the operating urologic surgeon. Pelvic lymph nodes (including hypogastric, obturator, and internal/external iliac and presacral nodes) should be encompassed in the target volume. Additionally, if extension into adjacent organs is found at the time of cystectomy, it is recommended that the relevant draining lymphatics supplying these structures are also covered, if possible. For example, in our case discussed above, local extension of disease into the anterior vaginal wall prompted inclusion of the inguinal lymph nodes within the target volume. A dose of 45-50.4 Gy, utilizing standard fractionation, to the postoperative bed and regional lymphatics is recommended. In the setting of gross residual disease following surgery, planning of an additional adaptive boost, up to a total dose of 60-66 Gy, may be cautiously attempted following completion of the initial course, if additional RT can be safely delivered while respecting normal tissue constraints. In planning adjuvant radiotherapy for our patient, the use of a boost was specifically discussed in a GU multidisciplinary conference with all treating physicians present; a boost was felt to not be indicated here based on intraoperative findings and final pathology review. IMRT can be employed to minimize dose to adjacent normal tissues, such as the bowel and rectum, when clinically indicated. A prone setup (using a belly board) should be considered to reduce bowel dose, if this is tolerable, and a reproducible position can be achieved (which can be facilitated with IGRT).
Conclusion
A thorough clinical and radiographic diagnostic/staging evaluation is always warranted in the setting of suspected primary signet-ring cell adenocarcinoma of the urinary bladder, given the rare nature of this neoplasm and the critical need to rule out local or metastatic bladder involvement from another primary malignancy. Locoregionally confined disease can be successfully managed with a combination of surgery, systemic therapy, and adjuvant radiotherapy. RT can help improve locoregional control, reducing the risk of a pelvic recurrence, and facilitated durable local control in our patient with pT4a disease and positive margins. Guidelines for the use of adjuvant RT in the management of bladder SRC are presented in Table 1 .
